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The osteopetrosis (op) mutation is within the gene for macro-
phage colony-stimulating factor (M-CSF). Homozygotes 
(op/op) lack M-CSF activity and show abnormalities in the 
differentiation of osteoclasts and other cells within the mac-
rophage lineage. The effect of the op mutation on the devel-
opment of Langerhans cells (LC) was determined in order to 
assess differentiation of such cells in vivo in the absence of 
M-CSF. {C57BL/6J X C3HeB/FeJ)F2-op/op and +/? litter-
mate control mice were raised from + /? breeders obtained 
from the Jackson Laboratory. The mice were killed with 
ether anesthesia at 4 weeks after birth and skin specimens 
were excised and examined by immunohistochemistry using 
anti-mouse pan macrophage monoclonal antibodies (MoAb), 
o 
steopetrosis is an inherited metabolic bone disease 
of humans and certain animals characterized by a 
generalized skeletal sclerosis due to failure of bone 
resorption and remodeling by a functional defect of 
osteoclasts. In mice, the op mutation is transmitted 
as an autosomal recessive trait, and homozygotes (op/op) are charac-
terized by the absence of incisors, distinctly domed skulls, short 
tails, and small body size [1,2]. These phenotypic abnormalities 
become evident by 10 d after birth. In addition to a marked reduc-
tion of osteoclasts, deficiencies in monocytes and monocyte-derived 
macrophages also occur [3]. Mutant mice do produce macrophage 
colony-stimulating factor gene (Cifm) messenger RNA at normal 
levels. The op mutation occurs within the coding region of the Cifm 
gene [4], and the produced M-CSF is nonfunctional. Thus, mutant 
mice lack colony-stimulating factor 1 (CSF-I) activity [4 -8], lead-
ing to deficiencies in blood monocytes [7,8] and monocyte-derived 
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ADPase: adenosine diphosphatase 
Cfms: macrophage colony-stimulating factor gene 
DC: dendritic ce lls 
GM-CFC: granulocyte/macrophage colony-forming cells 
GM-CSF: granulocyte/macrophage colony-stimulating factor 
LCs: Langerhans cel ls 
M-CSF: macrophage-stimulating factor 
MoAb: monoclonal antibody 
MPS: mononuclear phagocyte system 
op: osteopetrosis 
F4/80 and BM8; anti-mouse LC MoAb, NLDC-145, Ml-8, 
and MIDC8; and anti-mouse la MoAb, M5/114. In epider-
mal sheets, numbers of LC were counted. Histochemical 
staining of adenosine diphosphatase (ADPase) localization 
was also performed as a marker of LC. Epidermal LC from 
op/op mice showed reactivity with all these MoAb. Numbers 
otLC were slightly reduced, but the reduction was not signif-
icant statistically. The presence ofBirbeck granules in LC of 
op/op mice was confirmed by electron microscopy but the 
cytoplasmic projection ofLC was not prominent. From these 
results, it appears obvious that the development and differen-
tiation of LC do not require M-CSF. ] Invest Dermatol 
99:46S-47S, 1992 
macrophages [3,4], and a failure in the development and differentia-
tion of monocyte precursors in bone marr?w l3,4] . In a recent study, 
we found Immature macrophages 111 vanous organs and tissues of 
op/op mice, suggesting that these M-CSF-independent macro-
phages are derived from granulocyte/macrophage colony-forming 
cells (GM-CFC) or earlier hematopoietic progenitors [3] . However 
little is known about their er.idermal LC. ' 
In our recent studies [3,9 , (C57EL/6J X C3HeE/FeJ)F2-op/op 
and + /? littermate control mice were raised from + / op breeders 
obtained from the Jackson Laboratory (Ear Harbor, ME). Mice were 
killed with ether anesthesia at 4 weeks after birth . Skin specimens 
were obtained from the ears of the animals and epidermal sheets 
were prepared. The epidermal sheets were stained with the indirect 
immunoperoxidase method usin~ anti-mouse panmacrophage 
M~Ab F4/80 and EM8; MoAb agal11st Langerhans cells/interdigi_ 
tatl?-g cells, NLDC-1~5, M1-8 .. and ~IDC8; and MoAb against Ia 
antigens, M5/II4. Histochemical stal11l11g of ADPase localization 
was performed for a marker of epidermal LC. In the epidermal 
sheets, numbers ofNLDC-145 - , Ia-, or ADPase-positive dendritic 
cells were counted. The significance of differences between means 
was evaluated by Student t test. Skin specimens were also submitted 
for electron microscopy. 
Histologically, the skin of op/op mice was similar to that of the 
normallittermates. Epidermal dendritic cel ls (DC) and dermal mac-
rophages showed reactivity for NLDC-145, MIDC8, F4/80, BM8, 
and M5/1I4 in the normallittermates. However, because MIDC8 
stains keratinocytes simultaneously , it is unsuitable for counting the 
number of epidermal LC in the epidermal sheets. In op/op mice, 
dermal DC or macrophages showed reactivity for NLDC-145, 
MIDC8, Ml-8, M5/1I4, F4/80, and EM8. In the epidermal sheets 
prepared from both op/op and normallittermate mice, epidermal LC 
showed positive staining reactions for ADPase and also reacted with 
NLDC-145, MIDC8, F4/80, EM8, and M5/1I4 [9]. Positive reac-
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tions of the epidermal DC for ADPase was evident [9]. Numbers of 
NLDC-145 - or la-positive DC in the epidermal sheets from op/op 
mice were reduced slightly compared to those in normal litter mate 
mice (p < 0.05), but the reduced number of ADPase-positive cells 
in the mutant mice was not significant statistically [9]. In the op/op 
mice, epidermal DC showed the presence of Birbeck granules, 
well-developed Golgi complexes, numerous vesicles, and electron-
dense or lucent, membrane-bound vacuoles similar to that of normal 
littermates. However, these cells were mostly round with smooth 
cell surface and their cytoplasmic processes were poor [9]. 
Previous studies have demonstrated that op/op mice lack func-
tional M-CSF activity, leading to impaired development of mono-
cytes, differentiation of monocytes into macrophages or osteoclasts, 
and proliferation of macrophages or osteoclasts [3 - 5]. In our 
previous study in which normal mouse bone marrow cells were 
co-cultured on fibroblast cell lines established from the mutant 
mice, more than 95% of the bone marrow cells stopped differentiat-
ing at the stage of monocytes, even after 2 weeks of culture [3]. 
Because we observed epidermal LC in the mutant mice, it is likely 
that they are derived not from monocytes but from GM-CFC or 
earlier hematopoietic cell precursors. Alternatively, it is also possi-
ble that the LC in op/op mice are derived from a monocytic cell 
series developed in utero under the influence of maternal M-CSF. In 
the fetal period, the mononuclear phagocyte system (MPS) is 
known to be completed by the middle stage of hepatic hematopoie-
sis [10] . Such macrophage development may be supported by 
M-CSF produced by decidual cells and trophoblasts during preg-
nancy [11,12]. As for the lifespan of epidermal LC, conflicting 
results have been presented in previous studies [13]; recent studies 
have provided evidence that the LC are a long-lived, slow cycling, 
and self-sustaining population [14,15]' and their turnover time was 
calculated 16.3 d [15]. We confirmed the existence of epidermal LC 
in op/op mice even at 4 months after birth [9]. Although their num-
bers were reduced slightly in op/op mice, this reduction was not 
statistically significant. Because in the post-natal life op/op mice lack 
M-CSF and because monocyte-derived macrophages are short-
lived, having a lifespan of 1 or 2 weeks in a normal steady state [16], 
severe monocytopenia and deficiency of monocyte-derived macro-
phages usually occur in the mutant mice within a couple of weeks 
after birth [3]. It is thus unlikely that the LC in the epidermis of 
op/op mice are derived from monocytic cell series developing in the 
fetal period under the influence of maternal M-CSF. 
It has been recently shown in vitro that the viability, differentia-
tion, immunologic maturation, and mobilization of epidermal LC 
are supported by GM-CSF produced by keratinocytes [17,18]. In-
terleukin-1 is also known to enhance a stimulatory activity of epi-
dermal LC only when combined with GM-CSF [19]' In contrast, 
LC do not respond to lineage-specific granulocyte colony-stimulat-
ing factor or M-CSF [17]. Based on these in vitro results, Witmer-
Pack et al have speculated that the DC, including LC, represent a 
myeloid differentiation pathway distinct from MPS [18J. Op/op 
mice were demonstrated to produce normally cytokmes other than 
M-CSF and the major cytokine secreted from op/op fibroblast cell 
lines in culture was GM-CSF [4]. Thus, the existence of epidermal 
LC in op/op mice [9] supports the possibility that LC are differen-
tiated through a pathway distinct from MPS, that they are not 
derived from monocytes, and that their differentiation is not in-
fluenced by a lack of M-CSF activity. 
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